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INTRODUCTION

Prostate cancer is the most frequent cancer among American men and is the second leading cause of
cancer-related deaths in all males.1 With the advent of widespread screening with prostate-specific antigen
(PSA), increasing numbers of men have been diagnosed with asymptomatic, localized, prostate cancer.

Among patients with clinically localized disease it is not known whether conservative management, i.e.,
"watchful waiting" or aggressive treatment, i.e., radiation therapy or radical prostatectomy, has better
effectiveness. This is because men who are diagnosed with early stage prostate cancer may die of other causes
before prostate cancer progresses enough to affect health. Both radical prostatectomy and radiation treatment
have high rates of complications such as sexual impotence, urinary incontinence, and infection which adversely
affect health. There is also a risk of surgical mortality with prostatectomy. Ideally, clinicians would identify
men whose life expectancy was short enough that their prostate cancer would not be expected to progress
substantially in their remaining lifetime. These men would receive conservative treatment (and no
complications from aggressive treatment). For the rest, the benefit of aggressive treatment would be worth the
risk of complications and they would receive aggressive treatment. However, although current prognostic
factors for prostate carcinoma provide important information for patient care, the ideal method with which to
incorporate the information attained from tumor-related factors (clinical stage, histologic grade, and PSA level),
patient age, and comorbidity into a manageable prognostic score has not been found. The purpose of this study
was to use instrumental variables techniques to estimate the outcome differences between aggressive treatment
and conservative management among marginal patients with clinically localized disease; combine the health
outcome and cost estimates to estimate true cost-effectiveness ratios; and using measured Characteristics such as
patient age, tumor grade, and the extent of co-morbid conditions, determine whether and what type of patients
may be safely shifted from aggressive to conservative treatment.

BODY

The Statement of Work follows below. It was submitted and approved and a 1-year, no-cost extension
was granted to complete tasks 4 and 5, which are now complete.

Task 1. Describe the factors that are related to the sorting of patients into conservative or aggressive treatments, Months 1-15.
a. Obtain data from SEER-HCFA linked databases and AMA Master File (Months 1-2).
b. Create analytic files (Months 3-4).
c. Construct and validate instrumental variables (Months 5-6).
d. Construct and validate treatment variables (Months 5-6).
e. Conduct analysis (Months 7-18) Examine patient-specific factors (demographic, co-morbidity, and tumor-related)

and a series of factors related to treatment variation and theoretically unrelated to unmeasured confounders
(candidate instrumental variables).

f. Prepare and submit manuscript (Months 19-21).
Task 2. Estimate unbiased treatment effects for marginal patients using instrumental variables techniques. Estimate for: (1)
conservative vs. aggressive treatment and (2) given aggressive treatment, radiation vs. prostatectomy, Months 19-36,

a. Analyses of treatment effects on crude survival (Months 19-21).
b. Analyses of treatment effects on re-treatment-free survival (Months 20-36).
c. Analyses of treatment effects on Medicare costs (Months 23-36).
d. Prepare and submit manuscript (Months 26-36).

Task 3. Contrast the patient characteristics and treatment patterns across patients grouped by instrumental variables to describe the set
of clinically localized prostate cancer patients who are at the practice margins for receiving aggressive treatment, Months 25-27.

a. Prepare tables for conservative vs. aggressive treatment (Month 25).
b. Prepare tables for radiation vs. prostatectomy, given aggressive treatment (Month 26).

Task 4. Combine the medical outcome and cost estimates to estimate true cost-effectiveness ratios to demonstrate whether aggressive
treatments have been over- or under-utilized, Months 37-38.

a. Estimate cost-effectiveness ratios for conservative vs. aggressive treatment (Month 37-38).
b. Estimate cost-effectiveness ratios for radiation vs. prostatectomy, given aggressive treatment (Month 37-38).

Task 5. Policy paper and report writing, Months 38-42.
a. Prepare and submit a policy-oriented paper that presents cost-effectiveness and a detailed description of the marginal

patients likely to be affected by shifts in treatment allocation algorithms (Month 38-41).
b. Prepare and submit the final project report (Month 42).

ALL DATA PRESENTED IN THIS REPORT ARE UNPUBLISHED AND SHOULD BE PROTECTED Page 4



The personnel who have contributed to and been supported on this project are: Elizabeth A.
Chrischilles, PhD (Principal Investigator), John Brooks, PhD (Co-principal investigator), Shane Scott, Pharm D
(Investigator), Shari Chen-Hardee, MA (Statistician/Data Analyst), and Tae-Ryong Park (Data Analyst).

Task 1: Describe Factors Related to Choice of Aggressive vs. Conservative
Treatment.

This task culminated in a manuscript titled "Age-specific effects of comorbidity, grade, and access on
prostate cancer treatment choice." It is included in the Appendices to this report. It is currently in review by
the National Cancer Institute (NCI) and the Centers for Medicare and Medicaid Services (CMS) for verification
of confidentiality protection, as required in the project Data Use Agreement.

SBriefly, men with advanced age, non-white race, higher comorbidity, low county mean income, and who
lived relatively far from a prostatectomy hospital or radiation facility were less likely and men with higher
tumor grade and high county HMO percent were more likely to receive aggressive treatment. The number of
urologists per capita was significantly associated with aggressive treatment but the association was not linear.
Aggressive treatment occurred in 74.8%, 68.1%, 40.3% and 7.6% of men aged 65-69, 70-74, 75-84, and 85+,
respectively. Associations of treatment choice with tumor grade, comorbidity, and area/practice environment
characteristics varied significantly among age groups; access to prostatectomy hospitals was most strongly
associated with treatment choice among men under age 75 where treatment uncertainty is greatest. Under age
75, men who lived in rural areas were significantly more likely to receive aggressive treatment than those in
non-rural areas. However, after age 84 rural men were less likely to receive aggressive treatment.

We concluded that incomplete evidence about which treatment (aggressive or conservative) provides
optimal long-term outcomes for early stage prostate cancer is suspected to be an underlying reason for the
associations of prostate cancer treatment choice with several non-clinical factors in this study. The influence of
these factors and even their direction of association with aggressive treatment varied among age groups. Health
policy should be tailored to these differences between age subgroups of older men.

Task 2: Unbiased Treatment Outcome Estimates for Marginal Patients Using

Instrumental Variables Techniques

Overview of Instrumental Variable Estimation Techniques

In medical outcomes research, instrumental variable (IV) estimation 34 initially involves specifying a set
of instrumental variables or "instruments" that satisfy the following two criteria:: (1) the variable must be
related to the possibility of patients receiving a particular treatment; and (2) the variable must have no effect on
outcomes either directly or indirectly (e.g., through relationships with unmeasured confounding factors such as
patient severity and unrecorded treatments). The first criterion is necessary to observe treatment variation
across patients grouped by the instrument and can be established by analysis of the available data. The second
criterion is necessary to insure that treatment variation observed from grouping patients using the instrument is
not related to confounding factors such as patient severity. Because many confounders are unmeasured, the
second criterion must remain an assumption. Consequently, researchers must build a strong theoretical case for
acceptance of the validity of the second criterion. Estimated correlations between instruments and measured
confounders may be used to bolster the case.

If a single instrument is used that divides patients into two groups, treatment effects can be estimated
through a simple comparison of treatment and outcome rates across the two groups. IV analysis is more
powerful, though, if several instruments are used and comparisons are made simultaneously across many patient
groups defined by the instruments. Two-stage least squares (2SLS) has been shown to be the optimal method to
ALL DATA PRESENTED IN THIS REPORT ARE UNPUBLISHED AND SHOULD BE PROTECTED Page 5



combine the effects of several instruments in a single analysis. Each treatment decision in this study was
specified using the following two equation format and estimated using 2SLS:

Treatment Choice Equation: Ti = a +y 1 *Ai + Y 2 *Gi +Y3 *Ci +Y4 *1I +cE+Oi

Outcome Equation: Oi = S +,81 * A. +,82 * Gi +,83 * Ci +184 * Ti + Vi + Oi

where:
Oi = 1 if health outcome occurs (e.g. mortality within a time interval, re-treatment within a time

interval), 0 otherwise. Cost equations will use total patient health care costs within the given
time interval;

Ai = measured patient demographic characteristics;
Gi = measured tumor characteristics;
Ci = a set of binary variables based representing patient co-morbidities;
Ti = a binary variable equal to 1 if a patient received a specified treatment, 0 otherwise;
Oi = unmeasured "confounding variables" that are related to both choice of treatment and outcomes;

Ei, Vi= the net impact of unmeasured variables that distinctly affect treatment choices and health
outcome, respectively;

Ii "- a set of binary variables that group patients according to values of instrumental variables that
affect outcomes only through their impact on treatment choice.

Our treatment variable Ti is a binary variable indicating whether the patient was treated. The objective
is to obtain unbiased estimates of 034. Because "0" is in both the treatment and outcome equations, the estimate
of the treatment choice parameter in equation (2) will be biased if ordinary least squares (OLS) is applied to
equation 2.5,6 In the first stage of the estimation procedure, the treatment choice equation (i.e., equation (1)) is
estimated using ordinary least squares. Equation 1 includes a set of binary variables, Ii, that group patients
based on the value of each patient's instruments. The predicted values of treatment probabilities from the first
stage regressions for each patient, "T-hat" are then substituted for Ti in equation (2). In the second stage,
equation (2) is estimated using OLS. Because Ai and Gi and Ci are specified in both equations, the only source
of variation in T-hat used to estimate N34 is the variation in treatment rates across patient groups defined by the
instruments. In addition, because we assumed that the instruments are unrelated to the unmeasured
confounding factors "0", the estimate of 034 that results from this process will be unbiased and attributable only
to treatment rate differences across patients grouped by the set of instruments.

Evaluating the Validity of the Candidate Instrumental Variables

To be suitable instruments, variables must satisfy the following two criteria: (1) be related to the
possibility of patients receiving a particular treatment and (2) have no effect on outcomes either directly or
indirectly (e.g. through relationships with unmeasured confounding factors such as patient severity and
unrecorded treatments). Because many confounders are unmeasured, the second criterion must remain an
assumption. However, by comparing rates of measured confounders between groups of patients defined by the
candidate instruments, we can provide evidence in support of the assumption. In the second annual report we
displayed the results of these validation analyses (see "Evaluating the Validity of the Candidate Instrumental
Variables" in the second annual report).

We demonstrated that patients who are aggressively treated are younger, have a higher tumor grade,
earlier disease stage, and a lower prevalence of most co-morbidities than patients who are treated
conservatively. In contrast, we demonstrated (Tables 2-8, Second Annual Report) that although patients who
have greater access to aggressive treatments have a higher rate of aggressive treatment than patients with lower
access, there is little systematic difference between these groups with respect to measured confounders, relative
to the differences seen between the treated and untreated groups.
ALL DATA PRESENTED IN THIS REPORT ARE UNPUBLISHED AND SHOULD BE PROTECTED Page 6



Results of the Instrumental Variables Analysis: Five-Year Survival.

Two sets of analyses are presented. The first set is the IV analysis of the effect on survival of aggressive
treatment (radical prostatectomy or radiation treatment) vs. conservative treatment. The second set analyzes the
effect of radiation vs. prostatectomy. Two-stage least squares IV analyses for five-year survival are presented.
This extends the three-year survival results which were presented in the Second Annual Report. IV analysis of
Medicare costs are covered in a later section (below). Analyses of re-treatment-free survival could not be
conducted because the SEER-Medicare files were found to contain one year of data in which the diagnosis
codes for physician bills were invalid.

The analysis of 5-yeaar survival included men patients who were age 66 and over at the time of
diagnosis, who were presumed to have localized prostate cancer at the time of diagnosis and were
HMO/Medicare appropriate over the whole study period, which was from the year prior to diagnosis till death
or 5 years after diagnosis (n=32,939). By HMO/Medicare appropriate is meant that subjects were excluded
from analysis if they had HMO or partial Medicare eligibility any time from the year before diagnosis to five
years after diagnosis or death.

Two instrumental variables had satisfactory performance in models evaluating aggressive vs.
conservative treatment: the number of prostatectomy hospitals per capita in a 40 mile radius of a man's
residence (RPRT40) and the number of urologists per capita in the county of residence (URORATE). The
distributions of these variables are presented in Table 1 below. Three instrumental variables had satisfactory
performance in models evaluating radical prostatectomy vs. radiation treatment: URORATE, distance to the
nearest radiation treatment facility (RADDIST), and distance to the nearest hospital that performed
prostatectomies (MRPDIST). The distributions of these three variables are presented in Table 2 below.

Table 1: Distributions of the two Instrumental Variables Used in Two-Stage Least Squares Analysis of Aggressive Vs. Conservative
Treatment (n=32,939 men treated aggressively or conservatively).

Os V~AR _NM: SPCTF Ih PCL1 0fP >1PCTL~ 5 1 PCTL20~ I PTL2,7 P CTL$0~ ~L3 PCTL5O[QL$ t h0 1
~t RPRýT_4O_ J0.0-00- 0.0100 0ý.0102 - 0.0109 10.0132 J0.0156 10.0165 10.0172 0U.0185 0__ý.0197

ýJ. RORATE 10.000 10.0000 10.0367 10.0464 10.0613 10.0613 10.0613 10.0707 10.0764 10.0942

I Ob J A %1 PTL55i 4PCTL6L PCTLC.5 PCTLŽ70~ I PCTL75&KI PCTL80 PCL8 PCL9 PCL5 PCI
RPRT40 0.0207 0.0215 0.0229 10.0239 0.0261 0.0284 0.0305 0.0334 10.0386 J3.000
URO RATE 0.1016 10.1108 10.1180 10.1186 0.1213 0.1340 0.1638 10.1652 10.2644 1102.818

Table 2: Distributions of the Three Instrumental Variables Used in Two-Stage Least Squares Analysis of Radical Prostatectomy Vs. Radiation Treatment,
(n=17,497 men treated aggressively)

1Ob-2 VAR NN 1CLS 1(1ý0 PT25 ~PCTL~30 PCTL,35~ '~f.~T4 NAIA

SUR0_RATE .00008 0.0000 0.0367 0.0573 0.06131 0.0613 0.0613 0.0745 0.0764 0.0942

2 RDIT.0000 0.0000 1.6514 2.4064 2.9322 3.3945 3.8218 4.3099 4.6908 5.2084

3MRPDIST .0000 0.0000 0.0000 0.0000 0.9432 1.86,17 2.2642 2.6228 3.0316 3.3007

2N 5.7239 6.4078 7.4774 9.3620 11.9928 17.9942 28.1287 37.6587 61.2458 363.370

3i 3.7263 4.2951 4.8297 5.7139 7.0510 9.0455 15.3406 24.9527 39.7558 280.567

Our findings from Task 1 and from preliminary examination of the 2SLS results confirmed that the IV
had different relationships for different age groups. For this reason, all IV analyses were conducted separately
for each age group (66-70, 71-75, 76-80, 81+). We examined the sensitivity of our results to the number of
levels of each IV by repeating analyses for each IV from 20 levels (grouping every fifth percentile of the

ALL DATA PRESENTED IN THIS REPORT ARE UNPUBLISHED AND SHOULD BE PROTECTED Page 7



distribution) to two levels (grouping at the median). For each age group, the 2SLS analysis was repeated with
all possible combinations of levels of the IV. All analyses controlled for age, race, tumor grade, county mean
income, whether a rural county, and county HMO percent. The table below displays the results of one
representative IV analysis per age group. All related analyses examining the different combinations of IV are
included in the Appendices. The relevant Appendix number for each age group is indicated in the Table.
Displayed in the table are the estimated treatment effect on five-year survival (TRTEST) and its associated t
test p-value (PROBT), as well as the F statistic for overidentification and its associated p-value. A significant
over-identification F test means that the IV have direct effects on outcome either through their own effects or
through correlation with an unmeasured confounder. This is not desirable, since to be a valid IV, a variable
should not be associated with treatment outcome.

Table 3. Representative Findings of Two-Stage Least Squares Analysis of Early Stage Prostate Cancer
Treatment Effectiveness, By Age Group.

Obs Age Group IV definition TRT_EST PROBT F_OVERID P_OVERID Analyses

Aggressive Versus Conservative Treatment (n=32,939)

1 66-70 9,726 RPRT40 4 levels (quartiles); URORATE 10 levels (deciles) 0.275472 0.0044 1.45 0.1437 Appendix 2

2 71-75 10,473 RPRT40 20 levels (5th percentiles); URO_RATE 5 levels 0.236383 0.0008 1.26 0.1823 Appendix 3
(quintiles)

3 76-80 7,301 RPRT40 4 levels (quartiles); URQRATE 20 levels (5ih 0.180195 0.0175 1.12 0.3273 Appendix 4
percentiles)

4 81+ 1 5,439 No significant treatment effect in any model

Radical Prostatectomy Versus Radiation Treatment (n=17,497)

5 66-70 6,845 RADDIST4 levels (quartiles); URORATE and MRPDIST 10 -0.12557 0.0425 1.30 0.1719 Appendix 5
levels (deciles)

6 71-75 6,686 RADDIST 4 levels (quartiles); URO RATE and MRPDIST 10 -0.15141 0.0127 1.22 0.2267 Appendix 6
levels (deciles

7 76-80 3,135 RADDIST4 levels (quartiles); URORATE and MRPDIST 10 -0.31253 0.0462 1.15 0.2917 Appendix 7
levels (deciles

8 81+ 831 Significant treatment effect in only one of 75 models

The estimate TRTEST in Table 3 above is for the coefficient,P34, of "T-hat" (predicted treatment
probability from the first stage). Because we assumed (and supported this assumption) that the instruments are
unrelated to the unmeasured confounding factors, the estimate of 034 is unbiased and attributable only to
treatment rate differences across patients grouped by the set of instruments. This unbiased treatment effect can
be interpreted as follows. For the treatment effect estimate of 0.275 seen among men age 66-70 (Table 3 row 1)
this means that a 3.64 percentage point (1/0.275) increase in aggressive treatment rate will result in a one
percentage point increase in five-year survival for men at the practice margins. For a treatment estimate of 0.18
(Table 3 row 3), this means that a 5.55 percentage point increase in aggressive treatment rate will result in a one
percentage point increase in five-year survival among marginal patients of this age. As another way of looking
at these results, since the estimates in Appendix 4 range from 0.15 to 0.20 (when the model is not over-
identified and when the IV are related to treatment choice), for a population of 100 patients age 76-80,
aggressive treatment of an additional 5 to 7 patients would result in one more patient surviving five years.

The treatment effect estimates for radiation vs. radical prostatectomy all have negative signs in Table 3.
Because "treatment" in these analyses is radiation, which is being compared to radical prostatectomy, the
negative sign means that five-year survival is significantly worse for radiation relative to surgery. This is
particularly pronounced among those aged 76-80 (Table 3 row 7) where the treatment estimate is -0.31,
meaning that a 3.2 percent DECREASE in radiation treatment (and substitution of radical prostatectomy) may
be expected to result in a one percent increase in five-year survival among marginal patients aged 76-80 who
are intended to receive aggressive treatment.

ALL DATA PRESENTED IN THIS REPORT ARE UNPUBLISHED AND SHOULD BE PROTECTED Page 8
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Task 3. Describing the Marginal Patients

We had a priori hypotheses about the subgroups of subjects who would have high treatment variation
between high and low access areas. Theory predicts that treatment variation will be greatest for men with
characteristics associated with the most uncertainty about the benefits of aggressive treatment. 7 Because older
men with comorbidity and low tumor grade would have little expected benefit from treatment (overall life
expectancy less than prostate cancer-specific life expectancy),8 we expected that most providers would agree
that these patients should not have aggressive treatments and there should be little treatment variation (low
aggressive treatment rate regardless of access). Similarly, most providers will agree that young men with higher
tumor grade and no co-morbidity may benefit from aggressive treatment and there should be little treatment
variation (high aggressive treatment rate regardless of access).8 Between these extremes there is uncertainty
about the benefits of aggressive treatment and this should be reflected in greater treatment variation.

With the exception of race and income, interactions of age with each other variable in the models
predicting treatment choice were statistically significant (p's < 0.05) (Appendix 1). The age-group-specific
multivariable logistic regression models (Appendix 1) display this. In the two five-year age groups around age
70, the magnitude of the association between aggressive treatment and tumor grade, comorbidity, and access to
prostatectomy hospitals was greater than for the older age groups. In contrast, access to radiation treatment was
significantly associated with treatment choice only in the 75-84 year-old age group, and the magnitude of
association with county HMO penetration was greatest for the oldest three age groups (age 70+). Though
interacting statistically with age (p=0.023), in all four age groups, men residing in the third urologists per capita
quartile of counties were significantly less likely to receive aggressive treatment. Men under age 75 were more
likely to receive aggressive treatment if they lived in a rural county; those age 85 and over were less likely to be
treated aggressively if they lived in a rural county.

Guided by these hypotheses and by the supporting finding of different relationships with treatment
choice among age subgroups, all IV analyses were age-group-specific. The absence of a treatment effect in the
oldest age group (age 81+) and the presence of a treatment effect among younger men (age 66-80) indicates that
uncertainty is greatest for those aged 66-80 and that policy initiatives to increase aggressive treatments (or,
among those treated aggressively, initiatives to increase radical prostatectomies) would be expected to improve
survival for this age group. Hence, these analyses suggest that aggressive treatments are under-utilized among
men age 66-80 and that, among the group of men this age who are intended for aggressive treatment, radiation
therapy is over-utilized relative to radical prostatectomy.

Men under age 66 were not studied. It might be expected that at some younger age treatment choice is
clear and that clinicians may be sorting patients optimally to receive aggressive treatments. However, in the age
range observed in this dataset, optimal sorting appeared to occur only among the oldest old. For the rest, radical
prostatectomy appears to be under-utilized.

Task 4. Cost-Effectiveness Analyses.

Using instrumental variable estimation methods, earlier tasks estimated the effect of aggressive
treatment relative to conservative treatment for marginal presumed localized early stage prostate cancer
patients. In addition, we also estimated the effect of surgery relative to radiation treatment for marginal patients
that were aggressively treated. Our results suggest that an increase in aggressive treatment for patients with
presumed localized early stage prostate cancer would have resulted in increased survival rates but these effects
decreased with patient age. We also showed that an increase in surgery among those patients aggressively
treated would have also increased survival and these effects increased with patient age.

Because aggressive treatment of presumed localized early stage prostate cancer patients and surgery for
aggressively-treated presumed localized early stage prostate cancer patients may involve additional treatment
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costs, it is not clear whether the survival benefits from treatment we have observed justify initiating policies to
increase treatment rates. Cost effectiveness analysis (CEA) is needed to help policy-makers decide whether the
costs of achieving additional survival benefits are justified. Table 4 demonstrates the scenarios when a CEA
analysis is required. CEA is required when either (1) a treatment provides improved health outcome and costs
more, or (2) a treatment provides a lower health outcome but costs less.

Table 4. Conditions to Perform a Cost-effectiveness Analysis (CEA) Related to Outcomes and Cost.
Treatment Health Outcome Vs. Alternative

Treatment Cost Vs. Better Worse
Alternative
Higher Do CEA Reject Treatment
Lower Accept Treatment Do CEA

CEA requires estimates of the differences in costs that can be attributable to each treatment arm.
Because of the known strong association between treatment choice and patient comorbidities in presumed
localized early stage prostate cancer patients (e.g. those not receiving aggressive treatments generally have
much greater illness severity) estimating cost differences by directly comparing average 5-year costs between
treat and untreated groups may bias this estimate significantly. For example, the comparison of 5-year costs
between aggressively-treated and conservatively-managed patients will probably understate the costs
attributable to aggressive treatment as the aggressively-treated patients will have less comorbidity-related costs.

This research requires estimates of the cost differences that reflect the set of patients whose treatment
choices are affected by the instrumental variables used in our analysis. As such, our goal is to obtain
instrumental variable estimates of the effect of treatment choice on 5-year costs. Empirically, this means
substituting 5-year cost estimates for each patient in the outcome equation (specified in Task 2) and estimating
the model again using 2SLS.

We approached estimating the 5-year cost estimates for each patient from the policy-maker's or
Medicare administrator's perspective. As such, our goal was to include all Medicare reimbursements for each
patient in the 5-year period after and including the patient's diagnosis month. This includes reimbursements
(Medicare payment amount) from all inpatient institutional, outpatient institutional, physician, and home health
claims attributable to each patient during this period. Unfortunately, after collecting the available SEER-
Medicare claims we found that the universe of physician claims in the SEER-Medicare databases were not
available prior to 1991. This limited our IV cost analysis to only those patients that were diagnosed from 1991
to 1993. Table 5 provides the mean 5-year total cost by age group and whether patients had aggressive or
conservative treatment. Table 6 provides the mean 5-year cost totals for aggressively-treated patients by age
group and whether the patients had surgery or radiation treatment.

Table 5: Average Medicare Reimbursements for Presumed Localized Prostate Cancer
Patients, 1991-1993, by Age and Treatment

Conservative (patients) Aggressive (patients) Patients

66-70 35,843.87 (1,019) 35,134.97 (4,221) 5,240

71-75 37,672.83 (1,446) 37,405.98 (4,153) 5,599

76-80 37,929.20 (1,789). 37,787.63 (1,854) 3,643

81+ 36,305.76 (1,845) 39,216.10 (470) 2,315
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Table 6: Average Medicare Reimbursements for Aggressively-Treated Presumed
Localized Prostate Cancer Patients, 1991-1993, by Age and Treatment

Surgery (patients) Radiation (patients) Patientsa

66-70 33,210.14 (2,58i) 37,888.06 (1,453) 4,034

71-75 35,224.57 (1,623) 38,756.70 (2,429) 4,052

76-80 36,106.13 (268) 38,033.39 (1,574) 1,842

81+ 40,376.50 (37) 39,120.82 (432) 469

a. Patients receiving both surgery and radiation in their first course of therapy were
excluded.

Because our IV cost models were estimated using only a subset of the data used in our survival models,
we believe that few inferences can be made from contrasting the our survival and cost estimates in a CEA. In
addition, the smaller sample sizes in our cost analysis provided less information to accurately identify cost
differences between groups, and we found weaker relationships between treatment choice and our instruments.
We also found that many of the cost models estimated using the smaller sample size have over-identification
statistics sufficiently large enough to indicate that the identifying assumptions of the model (the instruments are
not directly related to cost) have been violated. As a result, the inferences that can be made from these
estimates should be discounted accordingly. With these qualifications stated, we thought it would be instructive
to apply the CEA rules in Table 4 and contrast these estimates with the survival estimates found in Table 3.
Table 7 contains IV cost estimates using the IV specifications that coincide with the survival models in Table 3
As with Table 3, the table entries were representative of a much larger set of analyses such as those in
Appendices 2-7.

Table 7: Two-Stage Least Squares Estimates of Presumed Localized Prostate Cancer Cost

Estimates, by Age Group.

Age Overidenti- Instru- P

Model Group Obs Estimate IProbT fiction F P Overid ment F Instruments

Aggressive Treatment Cost Effect vs Conservative Treatment

1 66-70 5,240 -94,690.30 <.0001 1.61 0.0885 2.777 0.0009

2 71-75 5,599 29,258.53 0.0178 1.63 0.0324 2.197 0.0008

3 76-80 3,643 6,396.03 0.3325 2.31 0.0013 5.628 0.0001

4 81+ No significant treatment effects. Cost model not run.

Radiation Treatment Cost Effect vs. Radical Prostatectomy

5 66-70 4,034 30,386.36 0.0004 3.06 0.0001 3.763 0.0001

6 71-75 4,052 28,071.25 0.0001 2.07 0.0041 5.612 0.0001

7 76-80 1,842 35,934.70 0.0009 1.78 0.0204 4.304 0.0001

8 81+ No significant treatment effects. Cost model not run.

For the 66-70 year old age group, a consistently negative 5-year cost estimate was found for aggressive
treatment relative to conservative treatment for marginal patients. The negative coefficient on costs suggests
that increased aggressive treatment would have been a 5-year cost saver for this age group. However, the over-
identification problem suggests that perhaps part of this decrease may stem from less costly patients being
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treated aggressively. If these estimation problems did not exist, a negative cost result coupled with a positive
and significant survival benefit from increased aggressive treatment, suggests that the aggressive treatment rate
should have been increased for this age group during this time period.

The 71-75 and the 76-80 age groups both have positive 5-year cost estimates for aggressive relative to
conservative treatment. The over-identification problem remains. Both age groups also had significant survival
benefits from increased aggressive treatment (Table 3). In these scenarios, a CEA is required to provide
information for policy-makers to decide whether increased aggressive rates are worth the added costs. The
numbers translate into $123,775.94 (29,258.53/.236) per additional 71-75 year-old patient attaining 5-year
survival, and $35,495.03 (6,396.03/.180) per additional 76-80 year-old patient attaining 5-year survival.

For all three age groups of aggressively treated patients, radiation treatment had lower survival benefits
(Table 3) and greater treatment costs relative to surgery for marginal patients. Following our CEA rules,
radiation treatments should have been decreased relative to surgery for aggressively treated patients.

Once again, it should be made clear that the because of differences in the samples across the survival
and cost models, and the rejection of our identifying restrictions in the cost models with the smaller sample
sizes, our CEA estimates should be given little weight. They were provided merely for instructive purposes.
Future research with larger samples that are consistent between models will be necessary to provide sufficient
estimates to aid policy-makers. The SEER-Medicare database linkage will soon be updated for diagnoses
through 1999. This would provide the opportunity to expand the sample size available for these analyses, in
addition to providing more recent treatment patterns.

Task 5. Final Report and Policy Analysis Paper
Acceptance of this final report completes task 5. Based on the findings from Tasks 1-4, we combined the policy
implications and the IV analysis into one manuscript.

KEY RESEARCH ACCOMPLISHMENTS
Key research accomplishments included:

"* Acquiring, downloading, reading, and documenting the numerous files from the SEER-Medicare linked data
for all prostate cancers from eleven SEER registries;

"* Obtaining the zip code and years of operation for all radiation treatment centers in the eleven SEER areas;

"* Locating and obtaining a detailed data dictionary that was not provided with the data. Researching the
voluminous data dictionary to understand the Medicare files;

"* Constructing and validating a case selection algorithm to apply the study inclusion and exclusion criteria;

"* Evaluating data quality of key variables;

"* Constructing candidate instrumental variables from the Medicare data, Area Resource File, and Radiation
Treatment Center zip code locations;

" Demonstrating that selected attributes of patients' residence area (the candidate instrumental variables)
group patients such that the groups have different rates of aggressive treatment but do not differ
meaningully in demographic, tumor, or comorbidity characteristics supporting the conclusion that the IV
analyses yield unbiased estimates of treatment effect for patients at the practice margins;
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"* Demonstrating that when patients are grouped according to these IV, higher survival rates are observed for
those IV groupings that have a higher prevalence of aggressive treatment;

" Determined that increased survival can be expected if aggressive treatment and in particular radical
prostatectomy is increased for patients at the practice margins;

" Documented that the estimated treatment benefits apply to categories of men who a priori theory predicted
to be at the practice margins because of a higher degree of uncertainty about treatment benefit: men aged
66-80.

" Discovered that aspects of the environment that surrounds the patient-physcian relationship are significantly
associated with receipt of aggressive treatment for early stage prostate cancer. However these associations
vary in magnitude and even in direction among age subgroups after age 65. To be effective, health policy
interventions may need to be tailored to the age subgroup.

"* Synthesized economic and survival data to estimate cost-effectiveness of aggressive treatments, finding that a
larger sample size will be required to answer cost-effectiveness questions validly due to absence of pre-1991
physician claims data.

REPORTABLE OUTCOMES

The SEER-Medicare linked database is very large and complex. We have developed experience
working with the data and have developed a library of programs and files. This will increase the efficiency of
analyses for future projects. A series of technical reports have been produced and are periodically shared with
other researchers interested in these data. Two abstracts have been accepted for presentation at the American
Urological Association Annual Meeting in Orlando, Florida, May 25-30 (Appendix 8). In addition to this work,
we have recently received funding to apply these methods to the study of the effectiveness of adjuvant
chemotherapy for non-small cell lung cancer.

Previous researchers have documented that factors other than prognostic patient characteristics (age,
grade, and comorbidity) influence treatment choices. A unique contribution of our work has been the
theoretically predicted and empirically demonstrated finding that these factors vary with patient age, implying
that health policy interventions may need to be tailored to the age subgroup. A further unique contribution of
our work is that it not only documents that area characteristics representing access to providers of aggressive
treatments predict treatment choice, but also it documents that these practice variations are associated with
different five-year survival rates and demonstrates that the unbiased IV treatment effect estimates pertain to
men aged 66 to 80 who constitute 80 percent of Medicare beneficiaries with prostate cancer. Only for men over
age 80 does it appear that aggressive treatments in general and radical prostatectomy in particular are not under-
utilized. For the remainder, five-year survival may be expected to increase one percent for a 4 to 7 percent
increase in aggressive treatments among marginal patients.

CONCLUSION

Aggressive treatment appears to be underutilized for early stage prostate cancer. For geographic areas
with low aggressive treatment rates, clinicians should consider increasing aggressive treatment among men aged
65 to 80. Among men intended for aggressive treatments, clinicians in areas with low radical prostatectomy
rates relative to radiation treatment rates should consider increasing radical prostatectomy relative to radiation
therapy. If, after all relevant clinical factors (e.g. PSA level) are considered, the clinician who practices in an
area with low aggressive treatment rate is still undecided about whether to recommend aggressive treatment for
a man with these characteristics, these data suggest that aggressive treatment with radical prostatectomy should
be selected.
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ABSTRACT

Background. Prostate cancer-specific survival and overall survival are closest

among men aged 65 to 74. Uncertainty about whether to treat conservatively (i.e. watchful

waiting) or aggressively (radiation or radical prostatectomy) was theorized to be greatest at

this age and aspects of the healthcare environment that surrounds a patient/physician

relationship were theorized to influence treatment choice differently among age groups.

Objectives. To examine factors associated with practice variation in the choice

between aggressive and conservative management of clinically localized prostate cancer and

whether age modifies these associations.

Methods. Data were from the SEER-Medicare linked database. Men (n=30,886)

were diagnosed with clinically localized prostate cancer during 1986-1993. Age, race,

aggressive treatment (radiation; radical prostatectomy) and tumor grade (Well, Moderately,

and Poorly differentiated) were from SEER. Charlson comorbidity score was based on

Medicare hospital claims diagnoses. Access to radical prostatectomy and radiation facilities

was the distance from a man's residence to the relevant healthcare provider. County-level

variables from the 1990 Area Resource File were mean income, percent HMO enrollment,

urologists per capita and percent rural residences.

Results. Men with advanced age, non-white race, higher comorbidity, low county

mean income, and who lived relatively far from a prostatectomy hospital or radiation facility

were less likely and men with higher tumor grade and high county HMO percent were more

likely to receive aggressive treatment. The number of urologists per capita was

significantly associated with aggressive treatment but the association was not linear.

Aggressive treatment occurred in 74.8%, 68.1%, 40.3% and 7.6% of men aged 65-69, 70-
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74, 75-84, and 85+, respectively. Associations of treatment choice with tumor grade,

comorbidity, and area/practice environment characteristics varied significantly among

age groups; access to prostatectomy hospitals was most strongly associated With

treatment choice among men under age 75 where treatment uncertainty is greatest. Under

age 75, men who lived in rural areas were significantly more likely to receive aggressive

treatment than those in non-rural areas. However, after age 84 rural men were less likely

to receive aggressive treatment.

Conclusion. Incomplete evidence about which treatment (aggressive or

conservative) provides optimal long-term outcomes for early stage prostate cancer is

suspected to be an underlying reason for the associations of prostate cancer treatment

choice with several non-clinical factors in this study. The influence of these factors and

even their direction of association with aggressive treatment varied among age groups.

Health policy should be tailored to these differences between age subgroups of older

men.
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INTRODUCTION

Prostate cancer is the most frequent cancer among American men and is the second

leading cause of cancer-related deaths in all males.' With the advent of widespread

screening with prostate-specific antigen (PSA), increasing numbers of men have been

diagnosed with asymptomatic, localized, prostate cancer.2 Accompanying this increase has

been a striking change in treatment patterns. The adjusted rate of radical prostatectomy in

1990 was 5.75-fold greater than in 1984.'

Among patients with localized disease it is not known whether "aggressive

treatment," i.e., radiation therapy or radical prostatectomy, affords significantly better

outcomes than conservative treatment, i.e., "watchful waiting". For many older men, the

risk of developing hormone-resistant metastatic disease is low and many suggest that the

risks of aggressive treatment may not be justified due to lack of a significant gain in

longevity.46 Men with low-grade, smaller tumors are likely to have organ-confined disease.

Some of these men can possibly benefit from aggressive treatment provided that age and co-

morbidity suggest a significant longevity.7 Others have suggested survival advantages with

aggressive treatment of poorly differentiated tumors. Although tumor-related prognostic

factors provide important information for patient care,8 the ideal method to incorporate the

information attained from tumor-related factors (clinical stage, histologic grade, and PSA

level), age, and comorbidity into a manageable prognostic score has not been found.

The paucity of evidence and resulting uncertainty about how to treat early stage

prostate cancer has likely contributed to the substantial treatment variation that has been

documented.. 39-11 It is now well-documented for many health conditions that treatment

variation is not random but rather that places are associated with'a treatment "signature.''12"13
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There are several reasons why the environment that surrounds a patient-physician

relationship may affect the treatment decisions that result from that relationship. Such

concepts include: (1) uncertainty which allows for greater treatment discretion among the

providers to which a patient has access, 14-16 (2) predominant health insurance market

characteristics that may affect how all patients in an area are treated,17,18 (3) the number of

communication channels available to the provider,19 and (4) area socioeconomic structure

influencing resources available to patients. 20

Desch et al.21 showed using Virginia Cancer Registry data that aggressive

treatment was negatively related to patient age and their number of comorbidities and

was positively related to the average income of the zip code containing the patient

residence and year of diagnosis. Provider counts (radiation oncologists and urologists) in

the county of patient residence did not affect treatment choices. Distance to the nearest

radiation oncologist did not affect the choice of aggressive treatment but lowered the

probability that hormonal therapy (orchiectomy) was used instead of aggressive

treatment. Klabunde et al.22 demonstrated relationships between aggressive treatment

and the patient's race and the average educational attainment in the area surrounding the

patient's residence and found lower rates of aggressive treatment in the cancer registry

areas that included states with high rural populations. Potosky et a123 used data from

Seattle and San Francisco and showed that HMO Medicare patients were more likely to

receive aggressive treatment than Medicare fee-for-service patients. None of these

studies took into consideration the potential modifying effects of age on these

relationships.
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At age 70 prostate cancer-specific survival and overall survival are closest7 and

uncertainty may be theorized to be greatest due to the vagaries of accurately determining the

net effect of age and comorbidity on life expectancy. We therefore hypothesized that tumor

grade, comorbidity, and aspects of the healthcare system or practice environment would

have the greatest effect on treatment choice near this age.

The purpose of this study was to examine factors associated with practice variation

in the choice between aggressive and conservative management of clinically localized

prostate cancer and whether age modifies this association. This research focuses on aspects

of the healthcare system or practice environment that surrounds a patient/physician

relationship.

METHODS

Data Sources

Data for this study were obtained from the Surveillance, Epidemiology, and End

Results (SEER) program and from Medicare claims that have been linked with SEER

data for approximately 93 percent of persons with cancer aged 65 and older at the time of

cancer diagnosis. 24 The linkage includes all cases reported by the registries through 1996

and Medicare claims through 1998. SEER is funded by the National Cancer Institute.

Participating registries collect data for all cancer patients diagnosed within their defined

geographic area. Data include month and year of diagnosis, age at diagnosis, race, tumor

stage and grade, and initial (first four months post-diagnosis) cancer treatments. The

Patient Entitlement and Diagnosis Summary File (PEDSF) is the file in the SEER-

Medicare linked database that includes all of the SEER-derived data. Medicare files from

the Centers for Medicare and Medicaid Services (CMS) included demographic and
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enrollment information and all bills submitted for inpatient hospital care, outpatient

hospital care, and physician services. The diagnoses on inpatient bills (coded using the

International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-

CM)) were the source of co-morbidity information for this report. County-level area

characteristic variables were constructed from the 1990 Bureau of Health Professions'

Area Resource File (http://www.affsys.com/).

Sample Selection

Prostate cancer cases were included from population-based SEER cancer

registries in four states (Connecticut, Iowa, New Mexico, and Utah) and four

metropolitan areas (Atlanta, Georgia; Detroit, Michigan; San Francisco-Oakland,

California; and San Jose, California). Men, with prostate cancer were identified who met

the following inclusion criteria: diagnosed between 1986 and 1993, age 65 or older at the

time of diagnosis, first primary prostate cancer, zip code of residence in the geographic

area of the included registries, and either received radical prostatectomy or the tumor

stage was coded as local. Men who received radical prostatectomy were included even if

the tumor stage was not coded as local. They were considered to have been initially

presumed to have localized disease.25 This assumption was required because SEER

records only the most definitive stage, hence cases who may have been initially presumed

to have clinically localized disease may have been "up-staged" following surgery due to

a higher pathologic stage. There were 44,222 men who met these inclusion criteria

(38,885 had a tumor stage coded as local and 5,337 had tumor stage other than local but

were treated with radical prostatectomy). Men were excluded (n=l 1,120) if they did not
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have full Medicare coverage throughout the time period (n= 6,043) or if they had HN40

enrollment (n=5,712). A further 2,216 cases were excluded due to grade IV (n=262) or

unknown tumor grade (n=1,954). Men with grade IV (undifferentiated) tumors were

excluded due to the small sample size and because they could not be appropriately

combined for analysis with men having grade III (poorly differentiated) tumors. There

were 30,886 cases remaining after application of these criteria.

Variable Definition

Cases were considered to have had aggressive treatment (n=17,068) if they had

either radiation treatment or radical prostatectomy designated in the PEDSF file.

Conservative treatment (n=13,818) included those for whom it was known that neither

radical prostatectomy nor radiation treatment were received (cases whose radiation or

surgery treatment status were unknown had been excluded from eligibility).

Demographic variables included age at diagnosis and race. Age and race were

obtained from the PEDSF file and were individual-level variables. Clinical

characteristics included the tumor grade and co-morbidity. Tumor grade was as recorded

by SEER as well-differentiated (corresponding to Gleason score 2-4), moderately

differentiated (Gleason score 5-7), or poorly differentiated (Gleason score 8-10).

Comorbid conditions were any condition except prostate cancer present on inpatient bills

during the one year before diagnosis and excluding the date of diagnosis. Co-morbidity

was represented as a modified Charlson score26 where a higher score indicates a greater

burden of co-morbid illness.
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Concepts regarding the environment that surround a patient-physician relationship

included (1) the types of providers to which a patient has access, (2) the predominant health

insurance market characteristics in the area, (3) the number of communication channels

available to the provider, and (4) area socioeconomic structure. We studied the following

indicators of these concepts, respectively: (1) distance a patient would have to travel to

reach the nearest radiation treatment facility during the diagnosis year as well as a patient's

differential~distance to the nearest prostatectomy hospital (distance to the nearest hospital

that performed prostatectomies minus distance to the nearest non-prostatectomy hospital),

(2) percent HMO enrollment in the county, (3) number of urologists per capita in the county,

and (4) county mean income.

The county mean income and percent of residents enrolled in HMOs was from the

ARF as was the number of urologists per capita (number of urologists in 1990 in the

county of the patient's residence divided by the average number of prostate cancer

patients diagnosed per year during 1985-1993 in the county). Also from the ARF, a

county was classified as rural if any percent of its residences were rural residences and

non-rural otherwise.

Distances were calculated as the straight-line distance from the longitude and

latitude for the centroid of the subject's residence zip code to the longitude and latitude of

for the centroid of the zip code of the relevant hospital or radiation treatment facility.

The number of radical prostatectomies performed by each hospital in the geographic

region was determined from the Medicare files. From this each hospital was classified as

a radical prostatectomy hospital if it provided any radical prostatectomy in the calendar

year.
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Statistical Analysis

Distance measures, county mean income and urologists per capita were grouped

by quartile and the first quartile was used as the reference category in all analyses. The

percent of population enrolled in an HMO was three groups with cutoffs at the 501h and

7 5th percentile because of its skewed distribution (2 5th percentile was 0%). Charlson

score was dichotomized as score>0 vs. score= 0. Race was grouped as White (reference),

Black, Native American, Asian, and Other except in age-group-specific models where it

was categorized as White and Non-White due to small sample sizes. Single variable

logistic regression tested the univariate associations of each independent variable with

whether aggressive or conservative treatment was received. Multivariable logistic

regression analysis of the odds of aggressive vs. conservative treatment was used to

estimate the effect of the patient-physician environment measures after controlling for

patient age, race, and clinical characteristics. Interactions of age with other independent

variables and subsequent age-group-specific multivariable logistic regression models

tested the specified hypotheses about the modifying effects of age.

RESULTS

Table 1 displays characteristics of study subjects by whether aggressive treatment

was received. Younger patients, those with higher grade tumors, less comorbidity, and

white race, were more likely to be aggressively treated. In addition, patients who lived in

non-rural areas, areas with higher mean income, higher HMO penetration, and greater
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access to prostatectomy hospitals, radiation treatment facilities and urologists were more

likely to receive aggressive treatment.

Multivariable logistic regression (Table 2) found aggressive treatment decreased

markedly with advancing age and presence of comorbidity. Aggressive treatment was

much more likely for higher grade tumors. Native American, Black, and Asian men were

significantly less likely to receive aggressive treatment than white men, controlling for

other variables. The healthcare system/practice environment factors all remained

significantly associated with treatment choice but county rurality was no longer

significantly associated with treatment choice. Men residing in the highest HMO

penetration quartile of counties were significantly more likely to undergo aggressive

treatment. Men residing in the highest three income quartiles of counties were

significantly more likely to undergo aggressive treatment than were men in the lowest

income quartile. Those whose relative access (differential distance) to prostatectomy

hospitals was least (i.e. the distance to a prostatectomy hospital was more than 3.2 miles

farther than the distance to a non-prostatectomy hospital) were significantly less likely to

receive aggressive treatments than were those who lived relatively closer to a

prostatectomy hospital. Those with the farthest distance to travel to reach a radiation

treatment facility were significantly less likely to receive aggressive treatments. Finally,

urologists per capita exhibited a significant relationship with aggressive treatment where

areas with more urologists per capita were less likely to receive aggressive treatment.

With the exception of race and income, interactions of age with each other

variable in the model were statistically significant (p's < 0.05). The age-group-specific

multivariable logistic regression models (Table 3) display this. In the two five-year age
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groups around age 70, the magnitude of the association between aggressive treatment and

tumor grade, comorbidity, and access to prostatectomy hospitals was greater than for the

older age groups. In contrast, access to radiation treatment was significantly associated

with treatment choice only in the 75-84 year-old age group, and the magnitude of

association with county HMO penetration was greatest for the oldest three age groups

(age 70+). Though interacting statistically with age (p=0.023), in all four age groups,

men residing in the third urologists per capita quartile of counties were significantly less

likely to receive aggressive treatment. Men under age 75 were more likely to receive

aggressive treatment if they lived in a rural county; those age 85 and over were less likely

to be treated aggressively if they lived in a rural county.

DISCUSSION

The decision of whether to treat early stage prostate cancer aggressively (i.e. with

radiation or prostatectomy) or conservatively (watchful waiting) among older men is

made based on life expectancy and consideration of possible adverse sequelae of

treatment. Median remaining survival time at age 70 is 12 years and at 75 is 9.4 years

(http://www.cdc.gov/nchs/products/pubs/pubd/lftbls/decenn/1991-89.htm), which is also

approximately equal to prostate-cancer survival at that age. 7 The rate of tumor growth is

such that in men older than 75 or with significant comorbidity, prostate cancer-specific

life expectancy exceeds overall life expectancy.7 For this reason, and because of the high

incidence of adverse sequelae of aggressive treatments,27'28 most clinicians suggest that

avoidance of aggressive treatments among men over 75 or with significant comorbidity

may be a reasonable option. Tumor grade, associated with more rapidly growing
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tumors, has the effect of lowering the age for this equilibrium and suggesting treatment

benefits from treatment at somewhat older ages.

Clinical uncertainty is associated with practice variation.12-16 When the evidence

base supporting a treatment decision is not strong, non-clinical factors may become

predictors of whether a treatment is used. Incomplete evidence about which treatment

(aggressive or conservative) provides optimal long-term outcomes for early stage prostate

cancer is suspected to be an underlying reason for the associations of prostate cancer

treatment choice with several non-clinical factors in this study. Higher county mean

income and HMO penetration were both associated with a greater probability that a man

would have aggressive treatment (radiation or prostatectomy) as were living closer to a

prostatectomy hospital than to a non-prostatectomy hospital and living closer to a

radiation treatment facility.

Klabunde et a122 previously demonstrated that low census tract SES was

associated with lower rates of aggressive treatment (but not with the form of treatment,

i.e., radiation vs. prostatectomy). Area mean income may serve in our analyses as a

proxy for measurement at the individual level. An alternative view is that differences in

the socioeconomic position of counties reflect more than individual compositional effects

but rather are closely related to the physical and social attributes of the community to

which individuals have access. Studies that measure socioeconomic position

simultaneously at the individual and community level have recently attested to this

extraindividual effect of area socioeconomic factors,29-33 finding, for example, that

residence in a poverty area confers a 50% increase in nine year mortality, even after

controlling for a large number of individual characteristics.33
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Age-group-specific multivariate analysis found that, among men under age 75,

rural residence was associated with increased probability of aggressive treatment whereas

among those age 85+ rural residence was associated with a decreased probability of

aggressive treatment. These analyses controlled not only for tumor grade and

comorbidity but also area income, healthcare market structure, and several measures of

access to providers. Previous reports on treatment of other cancers have found that rural

areas have lower treatment rates, possibly related to distance to treatment facilities.34 Our

findings indicate that additional reasons for rural-urban differences in treatment rates

should be explored beyond distance to treatment facilities, clinical characteristics, and

socioeconomic characteristics. Patient preferences are a category of characteristics that

may be fruitful for further investigation to inform rural health policy. For example,

previous research on rural residents suggests that they seem to be more self-reliant or

prefer to self-treat illnesses. 35-38

Multivariate analyses that collapsed across age gave a misleading impression that

rural residence was not associated with aggressive treatment rate after controlling for

clinical and socioeconomic characteristics and access to providers. It may be that the

interaction between age and rural residence explains the apparent inconsistencies in the

literature regarding rural/urban status and aggressive treatment rates for early stage prostate

cancer. Klabunde et a122 reported the aggressive treatment rate for more rural SEER areas

such as Iowa, Connecticut, Hawaii, and New Mexico to be much lower than in more urban

areas such as Atlanta, Detroit, and Seattle after adjusting for clinical and socioeconomic

characteristics. In contrast, Desch et a121 found in Virginia that residing in an urban county

was associated with a lower probability of aggressive treatment after adjusting for clinical
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and socioeconomic characteristics and for access to providers. Harlan et a134 observed rural-

urban differences in aggressive treatment rates in the Prostate Cancer Outcomes Study.

The finding that higher HMO penetration in the patient's county of residence was

associated with aggressive treatment may reflect the practices, guidelines, and policies of

HMOs per se, or may be a marker for generally greater access to healthcare in these

areas. However, analyses of county HMO percent was adjusted (in Tables 2 and 3) for

access to radiation treatment and prostatectomy hospitals and for urologists per capita,

and therefore does not appear to be a proxy for access to aggressive treatments. Potosky

et a123 found HMO patients more likely than fee-for-service (FFS) patients to receive

aggressive therapy in one geographic area but not in another. In both areas, iM40

patients were much more likely to receive radiation than prostatectomy among those

given aggressive treatment. These authors suggested that, due to the incomplete evidence

base for selecting treatment, factors that may explain BH O-FFS differences in treatment

include: availability of resources under HMO vs. FFS, practice style differences,

communication among physicians, and incentive differences between HMO and FFS

systems. We excluded men with Medicare HMO coverage from our study. Therefore the

effect of HMO penetration must be interpreted as "spillover" of HMO practice patterns to

affect the care of non-HMO residents of an area. Our findings extend those of Potosky et

a123 to include a greater diversity of HMO structures and to demonstrate that the

predominance of an HMO healthcare insurance arrangement in an area affects how all

patients in an area are treated. Because of time constraints, providers may adopt "usual"

practice patterns or rules-of-thumb reflecting the predominant healthcare insurance

arrangement in an area.17,18,39 It is noteworthy that the association of HMO penetration
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with treatment choice was greatest among the oldest men where treatment choice is

presumably least uncertain. The findings of Potosky et a123 suggest that this may be due

to a greater tendency by HMO providers to use radiation treatments which many

clinicians feel to be associated with fewer side effects than prostatectomy for the oldest

27,28patients.

The number of urologists in a man's county divided by the average annual

number of prostate cancer patients residing in the county (urologists per capita) was

associated with treatment choice, but not in a continuously increasing fashion. This

indicator was selected as a measure of available communication channels between

urologists and, hence, hypothesized to be associated with a greater adoption/diffusion of

an innovative, preferred treatment. 19 During the years of this study, the innovation in

treatment was to question whether prostatectomy is warranted among older men. Hence,

an inverse association might be expected between urologists per capita and use of

aggressive treatment among Medicare-aged men. Further, this association might be

expected to be strongest for the oldest of these. However, we found an inverse

association only for the third quartile of county urologists per capita and no association

for the second and fourth quartiles. A potential explanation for this finding is that in

addition to providing more communication channels for providers, more urologists per

capital also leads to more competition across providers. Competition can be expected to

increase the rate of active treatments in general. The direction of this effect would

oppose the direction of the communication channels and could explain the non-

monotonic direction of association.
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The distance a patient lived from a hospital that performed prostatectomies

relative to their distance from a hospital that did not was selected as a measure of the

preferences of the providers to which a patient has access. Living relatively father from

hospitals that tended to prefer prostatectomies was associated with a decreased

probability of aggressive treatment. This effect was accentuated among men under age

75 where uncertainty about the long-term outcomes of aggressive treatment is

presumably greatest. Similarly, living farther from a radiation treatment facility was

associated with a lower probability of aggressive treatment. The effect of access to

radiation treatment facilities was accentuated among men aged 75-84, perhaps because

many clinicians feel radiation is safer than prostatectomy for the oldest patients.27'28

While life expectancy at particular ages can be accurately estimated from US Life

Tables, this is only of limited assistance to clinicians. First, life expectancy is an estimate

of the median remaining years of life at a particular age; 50% of men can be expected to

survive longer. Second, the effect of any particular comorbidity or comorbidities on

remaining life years is not tabulated for clinicians. As expected, we found presence of

comorbidity and tumor grade to have the strongest association with treatment choice

during the ages in which prostate-cancer-specific survival is closest to overall survival.

But are clinicians optimally using this clinical information (age, comorbidity and tumor

grade) along with PSA level to determine which patients will benefit from aggressive

treatment? Given the lack of quantitative information about the effect of particular

comorbidities, we suspect that this sorting of patients is not optimal. The finding that

access to prostatectomy hospitals was most strongly related to treatment choice at this

age (under 75), supports that uncertainty about aggressive treatment with radical
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prostatectomy was greatest for these men where the association with comorbidity and

tumor stage is greatest.

CONCLUSION

Aspects of the environment that surrounds the patient-physcian relationship are

significantly associated with receipt of aggressive treatment for early stage prostate cancer.

However these associations vary in magnitude and even in direction among age subgroups

after age 65. To be effective, health policy interventions may need to be tailored to the age

subgroup. From age 65-84, uncertainty about effectiveness of radical prostatectomy (age

65-74) and the relative effectiveness of radical prostatectomy vs. radiation treatment (age

75-84) should be addressed. Are aggressive treatments over-utilized? Among men who are

aggressively treated, is radical prostatectomy over- or under-utilized relative to radiation

treatment? Future research using instrumental variables analysis is one way to address these

questions for the most policy-relevant group of men: those who would be treated were they

to reside in a "high access" environment but not treated in a "low access" environment.

Health policy should also be informed by attention to the possible co-variation of patient

preferences with geographical location, which may suggest different policy for rural vs. non-

rural areas.
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Table 1. Description of Study Subjects

n Conservative Aggressive %
% (n=13,818) (n=17,068)

Age 95+ 55 98.2 1.8

90-94 380 95.3 4.7

85-89 1,603 91.6 8.4

80-84 3,956 76.7 23.3

75-79 7,598 50.8 49.2

70-74 10,087 31.9 68.1

65-69 7,207 25.2 74.8

Race White 27,471 43.8 56.2

Black 2,813 54.5 45.5

Native American 45 73.3 26.7

Asian 171 50.3 49.7

Other 386 32.4 67.6

Grade III: Poorly differentiated 5,496 39.2 60.8

II: Moderately 15,966 35.1 64.9
differentiated

I: Well differentiated 9,424 63.7 35.7

Comorbidity Charlson score>O 3,873 62.0 38.0

Charlson score=0 27,013 42.3 57.7

County HMO >21.223 8,586 38.5 61.5
enrollment, %

17.290 to 21.223 6,833 45.5 54.5

<17.290 15,467 47.9 52.1

County mean >23,937 7,706 39.6 60.4
yearly income, $

18,787 to 23,937 7,205 44.1 55.9
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15,949 to 18,787 8,200 4.03 56.7

<15,949 7,775 52.0 48.0

Differential Farthest (>3.215) 7,774 50.7 49.3
distance to
prostatectomy
hospital, miles

0 to 3.215 5,998 44.5 55.5

-2.162 to 0 9,415 42.9 57.2

Closest (<-2.162) 7,699 41.2 58.8

Distance to >12.7 7,717 49.7 50.3
radiation treatment
facility, miles

5.3-12.7 7,607 42.4 57.6

2.9-5.2 7,925 42.4 57.6

<2.9 7,637 44.4 55.6

County urologists >0.147 7,827 40.3 59.7

per prostate cancer
patient

0.107 to 0.147 7,538 46.7 53.3

0.065 to 0.107 8,966 44.6 55.4

< 0.065 6,555 48.0 52.0

Whether rural Rural county 15,015 46.2 53.9
county

Non-rural county 15,871 43.4 56.6
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Table 2. Multivariate Logistic Regression Results of Factors Associated with Receiving Aggressive Treatment for
Early Stage Prostate Cancer.

Adjusted Odds 95%
Ratio Confidence

Interval

Age 95+ 0.005 0.001,0.037

90-94 0.014 0.008,0.022

85-89 0.03 0.023,0.032

80-84 0.09 0.08,0.10

75-79 0.30 0.28,0.33

70-74 0.71 0.66,0.76

65-69 1.00

Race Other 1.13 0.88,1.44

Asian 0.66 0.47,0.94

Native American 0.34 0.16,0.72

Black 0.46 0.42,0.51

White 1.00

Grade III: Poorly differentiated 3.76 3.47,4.07

II: Moderately 3.74 3.52,3.97
differentiated

I: Well differentiated 1.00

Comorbidity Charlson score>0 0.51 0.47,0.55

Charlson score=0 1.00

County HMO >21.223 1.26 1.18,1.36
enrollment, %

17.290 to 21.223 1.01 0.93,1.09

<17.290 1.00

County mean yearly >23,937 1.41 1.28,1.55
income, $
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18,787 to 23,937 1.14 1.05,1.24

15,949 to 18,787 1.25 1.16,1.35

<15,949 1.00

Differential distance >3.215 0.83 0.77,0.91
to prostatectomy
hospital, miles

0 to 3.215 0.96 0.88,1.04

-2.162 to 0 0.99 0.92,1.07

<-2.162 1.00

Distance to radiation >12.7 0.85 0.77,0.95
treatment facility,
miles

5.3-12.7 1.05 0.97,1.14

2.9-5.2 1.02 0.95,1.11

<2.9 1.0

County urologists per >0.147 0.91 0.82,1.01

prostate cancer
patient

0.107 to 0.147 0.66 0.60,0.73

0.065 to 0.107 1.03 0.97,1.1.15

< 0.065 1.0

Whether rural county Rural county 1.03 0.96,1.11

Non-rural county 1.0

42



_~ -. en 00 tC - r N - 00 0 e
00 en ON 0 nO cý n \

C) 0n e l C C) 0 C) -: 0

'-4 if) C) CCl In mn C/ -

6f -~l CI m 0~66 0 00 0\

0. C*- 0 - N 0 C) 0) 0 Ce
C Q Om mn 00 " 0 N0 C)0 000e N N O

00 ~t -Ci Clt -q 0l q- -4 - 4 -

00N 000N0C Ne ~ e 00~
C/ ý f Clý '0) crl Iq 0- '

04 C. -4 -4 =-4 -
o6 C Le)00 0 An lý C

ii'. e 1ONC r-4 m 00 en
00 0 Cl C 0 (0)N

r0 Cen en C0 '0' . enC 0 N00 0

Cf 00 m ~ 9- 4 ' 0
N) Cl tCl nl 0 .4 C) C) ~'4 .6

00) (01, 4/ 00 00ý 0) ON OND

Nd \ .0 0- 1-4 \0 k -' 0 ~.-

N en4N l 0Cl e l 0 O
>)N0' -

4\ "g 0 C

ICf) 'A ONO~n N

00

m 0

0 4)

4/N 4)ý NCN 0

00

0- 00 0 kn0
4) 4) 0 ~0 A - . - 4

'00 0 00.



40.

04

0
r.

10

00 N --N~ 00 El

00 e'- c'q m~6

C)4 0 C)I ON

o 't In tIn 0 ~ '-

0 NC N 0~0 0 N N CN C)4

CC)

C\ C'N mN'NI ON N0 ON

ON~C 0 0

00M C)00 O 00 'I O0O

ON\ C n N 0f N 0 ~
0 0 0 O 0)O N 0 0 P

O ~ ~ ~ ~ - 00 6 kn 46 6 -4 '4' -

O 0C 0 C4O N C4
-ý '4 ' 6 6 -ý

ON --I rIt C0)'t- '4O

4ý u4

~~CO C5l eC5~O NC
- 4 C 0 cis

t n 10 nýý
C, C 5

ONN ý 004
A4 V- .- A 0 '



0-

00

0 0 0

u) 0 0 0 0 0 1 0 \0 00 c 0 q 0, 0 0 0I 0 0 0 0 0 0 0 0t 0C0D 00 0n ý0 0 0 (00, 0n O
E- 0' 0 0 0 0 000 r 0n 0D 0 0 0 r- 0 0 ON

0c N- N- 't Ot NX N Nf N) 00 t< 00 O tN m

E ~ OX0 - 0 C, CDl N t 0S. ~' 0 CD n .

0.N ~ NN. CD CD 000 0

(INU Nd O N t - t m - o 00 0 00 ~.0 0- 0p 00) 
0 0 0

0Q) m m0O O 0D0 0 0 0 li m C6 ý60ttf \0* O O OJ

-44 6 0 0'n R4 'nCD~~ m ..r-
C)~0 o.CSo 00

LL. 'f~00 0 ~ - '.0 00 b) N~N '* m N 00 OX~"'. N C 0 - X ~ '. ~ W - OX 0 O
fO1 M '.0 c1 a e. . )'0 '

'.u '.0 '. N) N8 N Ce' 0- -2 g tN 0 C\'0 N

0D C) C)n OX C- 0 C)c)C
C? (D 0- C? C

0 v CDa 00 v 0 CD D o v0C

C) C) ON~ c

Nc OX N: m ( X X 0

0 0m0 0 0 ý.o 00 0 0 0 0 b)o C o CD w

S0 0d 00

In OX v, 00 ý 0a ~ O n v, v. - N 00
'0 O N OX '. N q N In ~ 0 ~ 0 I. - N - N -

~~~~~~ o o 6 o o 6 o 6l6

o '(C0 0 +a 0 0(O V 0 0 (

ýD ::) NI "

lb ;>

S -



0

4~-~

.- '

00

4-)

100 00 00 0 00 CD C 0 0 0D 0D 0DC 0 00
0 00

4211

-o W) C - w 0 w C oý - N r

Co
VN mN 0 c 0 0 ON '0 '0o. CD in N- C N C
0O m N 0~ 0N ND CD 8 N ON 0 8 kNH CDC 0n qc q~' q q

cco

cl 0\ m 00 0 00 m~ C -'0 = 0 0 0 0 0 N ( cq0, '0, 0 0 0 r(
0 0 0 0 0 6 0 0 0 0 0 r- D ýo r

C) <

'tN wi 0i MN CN0- = = c ~ l c
0 a 0 ON C'N cc ND c- r0 0' CD C) 0 N> '~ 0 '0 C D '0 0 C

H, oo "tt- q q

N- - -c - '- -I n - I - 0 0 - c - ' N N 0 - -

a) cD wl Cl Cl c 0 0 - 0 Cc 00 ot Nc 'IN I' Cl -

C) CD 0 0 - 0 CD CD Cl C5 0 ('N 0- CD

wN cc mI N- C\ - N4 00N 00-c 0 '.0 '0 cc N q N

C)r O ITN m 0 C, ý 0 0 00

00 0e 0 r- 0 0 In cc r-. ~ 0 0 c ~ C

- N "_

0 <cc 0 N 0 0 In ON '0CDN'0 'N C C t
_~~~~~~~~c I..c . 0 0 0 cc c - '. (cq 'In

0~~~~~~~~ Z - 0 C N c lc l '

cc~~ 0 f (co.
- tý 1 0 0 0 ) C

I4 I I F- F H F I
C), 00000 0

o~g4 <jcd-g M a. 01 9 0. a
94 1"

HUG c



-~ - - - -

0 0 0 0 0 0) 0 0 0
0 0 0 0 0 0D 0D 0D 0) 0D

W - w A r- 0 w .0 00 w
m It Ný ý 00 O

'A ' N t- r- 0 wA

'.0 C)00 000 NA '00

O- C) I 00 00 N N 00 ON

m N 'A m~ N- m - 0 0

't N ýo C\ N A- N 0 '
0l 0 01 00 6 6 0 0)

ND ON 0 CAN0 0 0 'D D CD C

N00 ON

~~~~ m" N N 0 A- 8 A 0 'A C

C)Inr N '0 00 \0 00 ON '00N
0 0 CA r- N a, - 0 - 0

r "c0 0 0 0 0 0 0 0 NO
m 0 0 0 0c 0) 0 0 0 0 0

N N q - r N CA4 '0L 0

z' CA 0 ' A '0 C 0 N C

'4o 6 66 6
o o

)- C0*

E- HE- E- F H
I~ l I~ I~ oI



ot

o 0) 00 01 0- 0- 0n w 0 0

0 0 0ý 0 0 0 0

0 0 0 0 0 0 0

C)q C)

LL N0~ N N~l 0 f 00 N

001 000 0~ 00(71 \ ~ - N V
In -l N

-C C14 N O o 0 C, 0 , N 00 00 0

01) C, -c m w

C>0 0 0 0 0. 0 0 0

Q.a.) P4

8 8 N 0 0 0 0 00C 0

C. 0f \ 0 O 0' 0 0 00

(EU) 0

(I) ' ', N m m' mO m l 00
c 6O "o o 00' S C , 00 C02 2 2 20 0 -4'~-

00000000

4ý (

C), C) C)
44 I 0



00 00 00 0

0 .0

C 00 0> 00 00 N w0 0 0 - '

0~

C) C) -) C)

'0 'A 'A '0 00 'A N ON
-)0 ' A m CD 0C C, -

rA TA m . C, 'A

cl- N N -

'0 N ) 00 N '

Z i 0c C> 0 6.0 'A - a )'

m N ~ E Of)N ' N t- 00wO
m' cn 0 n " NA 0 0 N0 -

'0 C, 0 ' '

kn In N LN CA CA In C
N N N N N NA CA

0 A0 ' 0 0 'A 0

Cd~CON N A - NC '



0- 00 0' 0 0 0 0 0

0 00 0 0 00)0

V000

rq ~ ~ C 00 0cq -'ý1Oo
'A~ m0C m 0 In 0 No 0 0o

-o Cf r 0 W)'i fL C7,

00

000

-CA ~ 0ý 0D 0) 0 0) 00

r - r- 00

OR -- ýo C,~
e-o 0 '.0 C, w1 - t ' 'n0 N

H 0

l In I

CD ~ ~ 0M 0

0 0 0*

u A 0 A 0 NO '0 '



0. 0( 0 0 0 000000

S0

- - 0 C, N- 00 N- 0 C
-ýt Im0'~ . m Cm 00 It 0

- ~ ý 00 0

00 0

-, - Cl NO O , k :

00 07 0 00 0 0 9 0
o o 0 0 0 0D 0 D 0 D

'-I-

CU

0C~ 0 ' Fl0 0' -t 0t W.
C0 N) ml M. 0 ýnC " N

0 '0 0' 0' C ) . 6e.

.'I CC C ' , C, - C)

GO >0' N rp. - m' knC C' CD
'.0 C". M 0

C) 0) 0 0n 0 0 0D

00

~~rii
0- 0 L)C - C l C



42)

N n ON N 0' N M' ON C,

0' 06 C-i m0

C) 0'0 N 00 mrt
0. C, N O C) \

C t- g q -I 1- - o-I - C

M 0 -n

S 0 0 0 0 0 0D 0 D 0 0 C0

0

'0 C

In~~ Cl-C C)

0'0

cd ~ ~~ C l 00 q -

0 ~ 0- 0, It * 0ý

w0 ' 0' CD N 0' 0 CA 00 ND

<.d 0

000D 0 0 Cl Cl - r

6 0 0 0, 0 0 0 0

ýD :



40

0 0\ 0 > 0 0 0N
ý 0 0 0 t 0 0 0N 0 0 0 0
0 0-:00' NO n t

0fcd

It 0' . '0 . 0

ý140 11 C - N ) (D '0 0 00 C. C)
EI-0' r-Nq 0 0' 0 C)

o kr
ý Cý 2ý C 00 0't m

q.-

U)0 0

00' 0; n M00 0

0 0 m 0 '0 n 0 0

00 0 ON. - w~ 0 ) -n 0 N
0 m'. ".1 NmC' ý0

U)II ~ ~ -- - -. - N - -~ -i - -.

In ~ r~N - 0

0
1H 7

OR 0 ~ 0 '. ' 00 kN 00 0 ,' \*

~~Q)

.~. N Cc' N . 0 () fl

0 E0 0 0 0 - - 0
.~~ ~0 - C4 0 -0 t'

;>0 0 0 0 6 0



00 0 0f 0C0 0 0 0 0
ci 0 0 0 0 0 0 0) 0 0

0'1

NO 0 0 0 N 0 , 0 m

CA to C -t 'n ý 00 c) 0

N. CD CC

cnn

0 O,

0 C)0 00o00 C 0

C00)

Qý

jn In q C i

E-i Oý I C E



00 0 0 0C 00

00

- 0 ON e N Ni m~ c
rq n - -N - C, N' 't ý

r- ýo -o M~ r- m 6

ý6 V ý 06 Q6 Cl\

C N 0 D 0 a0 0 0~C1V 0 l ~ 0 0 0 0C 0

D 0C0 0 0 0 0 0 0 0

r- Nr mf fl C 00 m C C)

gN N, N N 'o0' f

q Ci 0q ~ fl C

-r 06W) C-

C/) I CD 00

V( C> Cl 00 - V

t7. g 0 CI Co 0 0 t

V3 - -' 07

CA cq 0 c N In r N W)I

66 0 0 , 0, 6 6



00

b 0 4 0 ' C0C'

'0 00O0N .- 0 0

r ;. C 00 N- N-- -

C:,~ ý2 0 0 ý 0 0 0 C0
C) * 0 0 0 0 0

ic)0 0 0 0 0 0 0 0

',q C- ' .a

r- -D M ~ '0 00 mN 0
, C) 0\ C"t ýo C0 00
8 -- 00 00 \i6 o ci 0 CD

o 0. '.D C, C) 00 C)' ~

C- O4 C4 -O-~. N ' - ON c0

ON N4 14D C,~.
-N 00 00- w C t 0

Z CD66 0 0DC 0 0 0 0

ýo ' C, 0 ON 00 0t C, '0
Cl '0 0 '0 C: 'D

In m 00 0n W 0 00 0 n

"t No 0 D I o ý

7L C L CD 0 ) CC 0C 0 0

edcd 00LOn ~
d) f



C) 0 > 0 D 0 0 0 0 0 0 0

~'. - 0 - \0 'fl ON 00 -~ 00 0 '. 'fl \ In
N o 0 C0 0 m 0 '

O¼ C 0 0 Ci 0 00ý N ý 00 N 0

00

CI o 0 0 0- 0In0 0

_~~~~~~ ý20 0 ~ 0 ~ 0. 'r. 0 0'
N' 8.' 0o 0 CD CD 0'. '

cd0 0.~ '. 0 r ~ 0 -

C, ,2~' t w. 00 ' V1) 0000

'~' 0 0 00 N ONf V) N7 00
CIOo 00 W)~- l 0C 0

P4. (1) 6 0 6 W6 6 0 0

to w l 0 CD C; l n w w

0f N 0 C) CD CD

N C) 0 - - - - C

in 0

Oro - 0 N - 00 00w
ClCdN ' 0 0 0 .

0 0~ 0 Q0 N N C
- N0 6 0 000 0 0 0 60

-)~ - 4 -1 4
'. 0 W)NN ~ 00 0 '

Cl r Cl 2 -~9 6 Cl!
0) 0 0 0 0 0

ot 8
Kd w

m^ cp' 0-
c bb ~



a) 00 0 0 0

8) 8 0 0 0D 0D 0 0 0) 0 0 0 0 0 0

\ CN o oo 0- N I mC Ln 0

N)40 m- 0 V0 C. '> CD ') 0r 00 0

0L Q ) 0 0 C l e 0 0 0- 0 0 0 0 0 C

000 00 0

~LU

LL~ts S0 \l 0 t Sn 00 t- en w0 It 00

(uO 0 -l ol 0 0 1 t- '0 rn~ 0 - w - '0 Nm

C) (% -o "i c ý ) ,

C7, cq N ~ m C, C0 w~N 0 rs ' n
W~ - c c0 G0 0 - In 0\0 -. 0 O

in Cl.- kn In0~-

.0~I on~C

c9n Sn 0l) m n mn en? 't In N

0 0 '

6 -
I lI 0- t- 00, m~ 0D 000C 0 0 N 0

.~ ~ .~ e - ) Cl mn In n en n m n - - - e
C, ýn C0 0 0 O

wn 0 , 0 ) S D 0 o Nn 0 0 0 0 Sn 0

i o ct NI [ý N w m w o (

-s ac m m
9 9 9



c4 0 0) 0 0 0 00D

~t Cl~t a~ 0 - C? C- 'f C

- Cl4 W0 C , M\ C, 0 t Cl, `00 0~C, 1 0 w 0 '0 - 0
m Cl)00 n N OR Ci Cl q q 00 0ý e 0

I = CD ' 0 C - V CD CD CD C 0' - 0 0 '0

C ) '1~ CD a C ) CD N CD '0

0 q 0' CD W) IN Cc Cl m o In 0 '
r- In t "t m In -- t Cl ý

P 0 00 00 0' ' 00 00 N N - , 00 0'
I-q IN Cl C l-=q ý l In

cn '0 N- 00 (ýi ý6 006~' 0

00

AtCtl r- 0mm 't ~ ýN Cl , /
0, C C l -a, Cl r- 0 -, m 0 m

6f 0D 'CD 0 0 CD 0D n 0, 0 'D 0

q l Cl q f qC Cl qf l C r

w _)

6~ 6

m r- 0+- In r- C\ 7 . m.o t t W



0qO0 0t 0) 0n 0 0 , 0 0 0 0 0w

0- 00 r- r- '0 0: 0- r- N m
M cl w "t~ C'1 0) w) -) q N r 00 0 0

0 ('., 00 0 0) 0 0 0) 0 0D 0D 0 CD
0) 0)C 0 08 0 0 0 0 0 0 0 0

oo-- 'n 0 o 0 0 0m 0, 0 0o 0ý 0q 0t 0

cn' ' m 0 ýo m- m 0 mC - 0o ' NA N
CA N O 0 0 'C m 00 xn -ýo '

.0 0 'A . . C . A N. . .A C? C00

E-

( 66666odu

H A (n L? 'ý q, -

D 0n 0 CD 0 o Mn 'A N I0 n 'A

tb0 0 0m 0 0 0l 0 0 0D 0

- ~ ~ ~ ~ ~ ~ C N ' A C --- C

't In CA m a\ CA - C A- C CA A

0 0 0 5 0 0 05 0 0o 0 0

R 9
'A El' 0 A 0' 0 A 0 A

65 b "q c4 ýnc 4 ýnN N I

o -

I- I- I- H E- E



0ý 0 0 0 0 0 0 0D C00 0 0 0 0)
0 000 0 0 0 0 0 0

1f 0 '0 0 O0 'N .0 =, C, 0Ni~ WO N0 N N DO
r- M 'n .0 r- r- n \ .O r- W0

0 0 0 0CD 0 0 0 0 0 0 0 0 0

c y 0 ~ ID 0 0 '. ' N r - 0n 0 , ' r' 0 , - t 0 0 t - m 0

> Cý \6 '-' 0 N in - CN It m ýt N- O

C, r, 0 Vo ON- o ON r- N

~ ~ O ' . 0 C9 OD 0 ND 9D r 0 N '0

'. . 0 a f N c In w N 00

cl 00 U0 'r0,C N~ N ~ O

m 0D '.0 0 c l 00- It N N N~

'. ýo (c o -I ID m -o o =o .- ' m- ýc N

0DC 0 0 C 0) 0D 0D 0 0 0 C0 D 0 0D

ON W kfl 00 r - 'n t- c 0 I'
m '0 O N N ' 0 '0 N 9 O

,2 ON C> - -I Ný w - - \ 'tN

ce' N. 0" 8 0 N n ~ N O

ONL - 0 V ') cN 'l N -n ON If n

00 E- E- E- ON N- E- EN m N

9 C4 9ý W W - 9

o 0 'n 0 0 0 0 ' 0 '0 0 0 0 0

- 0

-(U~

C)O~~



0 0) 0 0 00 0 0 0 0 0 0 0

0o It 0 0 0 0 0 0 , 0 0 0 0 n 0 \
0 ' ý G 0 0t~ 0

- . -. ..ý

- z-r as

'.0 0 ~ r 0~ C> 0 0 00 0~ e' D c 0 CD 0
'A -C' C' ý e'1 8 ' ' c ~ c~ -

0 N- L'A m . ' C' , - 0 -
- 6ol 6 N~ It C, 00 0'. N A N 0

-N ON 0'. N 'l ' m 00 N 0 -

0 0' N- Nl 00 ýq .- N . CA 0 N 0

ooooo 666oo - mmo r oo

=I -

0'Ul0 ~ ~ 0 0 N . ~ 0 ~ C.

f''A '0 m - --o r- I- cn A ' '0 0

%0 0 N 0 in m t O\ 0 N A 0 C, C. .m0 C

C- C) 0 0 C, 0 C) C 0 0 ' 0 'A 0 0 ' 0
C) . Ae~ A - C~'

m %Dm- I , m q C

'n I- o o ~ l m ~

ot R A10.
0 n



0 --

CD~ 0D C, 0 0 0 0 0 0, 0 0

oD N

0 ' , 0 Cý 0~' 0 0 0) 0 'aC ý- -

qlx 0 :4

uf. M to m 0
If)o 0 -' w No N. 00 In
0 0 0 0 0 m 0n 02 0n 0 0

'a e o 'a m 0 "0 N '- 00ý ON 00 (10 0

m 0 0' %0N

<Dl r- 0 r 00 N elCY

0 ON Cý C C? C

0'00

>~ 
0)

I4 cn Nij It~0 m~ It 'a CC 1 a ' N m t No N
00 00 C - w 00 0 0 0ý 0 0m

00 cl 0 - 00 a, C7' a' 0 00 0 7' 'a '

-) e' C

1 0



408 00 0 0 0 0 0 0 000 0 0
C)0 0 0D 0 0 C) 0 D CD 0 0 0 0 0)

0 0 0 0 0 \0 0- 0, 0 0 0 0 0 0
'C)40o o

000 N 0 000

C)O 00 N V t f

C)0 0 0 0 0 CD 0 0 0 e0 N 00

C) CD N C D000 m C
r- C 0, C, C )N ~ l 0

N0 C,

In rm Ln ~ - m
0 0 0 0 .6 ir ý l l

CD ~ ~ 0 0 0 0 0 0 -

wo -I 6 6 6 -\ o -ý

in Cl 0 0 N .r C , N N O

0 0 0

00

00

C) 0 0 0 0 ~ 0 0 ~ 0 '~ 0

00 00040 0

ý: :

6- u 42-



0 0D C 0 0) 0 0 (0 0 0D 0 0) 0 0)

~~0 a) 0000 0 0 0 0

1r 0r 0l -q 0t V. mi c - 'a ' 0 - - 00 Cý

7-L F- C C m a c ý' '

0 f CD -8 00 8a 0 0 'Da 0

0~ (L

"0 0- CD 0 0 0 0P 0 o m
ýo 0 c,

0- 00 0ý 0 w N 07 0 0. 0 n 0 0 0

a) -

0C 0 00 C.4 m A 00 'a 'A 'a C) ) w i a'

ci In 'ac 00 'a m'aW r

-- c

- ' - cq 00 'A ' N 0 "t 'a 0 0

C.1 c A A - a c 00 0 a' - c q 00 r

N 0o 0 0 0 0 0 0 0 0

65 K -- N C1- 'a C,0 ' 4 C,4 c'a 'A 'a 4 ct c -

w U' E- 'A E- '- H 4 H - N '

00 '0 9 0~9

U 'A 0 ' A A 0 0 '



w-'/ , *ý G* 1 0 0 0 0 0 0 0 In 0 n 0 I0

rn ~ In

0 0- 0 0 0 0 0 O N a fl C- Cl -00 0' 0l l00

0 CD tt 0 0 0 'a N 00 0 0 0 0~ a

00 - n 0 0 0 0
00 00 0 0 0 C

14 en4 C 00In e 0 N' 000 00 - Ln

in -It e 0 00 PI

CD 0 n 0t Cl 0 N en 0 - - a e r
-d IQ 00 c i ' Ct C l eCl 0 ~ 0 00 0 C 0 0 0

U 0

z ' 0 0 e ' 0 0 n N e e* N e
c0n t C~~C C n- O ' C

- - -- - -0 - 0 - 0 0 -)

w 1 C) 0 0 ' C t) a' e1 C , N mt

'nCýoo o o c14 o 6 w)

~ - I C) cl00 0 'n ', Cl - a'n 'a N n C

a' 0)0 0 t l 0 t '

F7777
-~ 9 p

E- 4.



0 0 0 ý00 N 0) 0 0 0 00 00
S0 0 0 0 0 0 0 0 0 0 0 0- C- 0

0 'i I 0 0 'fl 00? C 0 0 0 Cm 0ý 00 0

cdC m ýo r N -l t 'n 0 0, C

C00- 0 0 00f 0 0 0 0
0~ ~ 0 ~ ~C

1000000 0, 0 0 0ý 0 0 0 0 0

oo 'n~ 4 l 0 0 C N a, N ~ r ~ ýo C In t
Cl C' Cý C'9 0 Ine' CD - 0

CC/

- n 00 N 0 mf Nf o N 't N0 N

)Q~ N~ 00 (7 00 0 Cl 00 C\ 00 1 wl N N 0

N w

a o l o 0 0:, 0 CD 0 m ' 0 0 0 C m :

O Clll0 0 0 Cl 0 0 0 0l

d) 0

mr 0 0 'cn C 0 0 'n 0ý m C 0, 0 CC) 0
C) Cl c C) N 't Cl NC \0 a\ Cl C

N C> ItC

CD 0 ) C

C)

c )



o) 0
0 0 o C 0 CD 0 0 0 0 0 0 0D 0 0D

q C-

'fl N C n "t ýq tI - C , 0\ mf C , C,

0 ~ W"CIl

Cý- C n 00 N N N 'n '3 '3 '3

- -0 C - 8 f l 0 0 l C r- m wl c q xq, 00 0 0 d e c? 0 N 0 - ql q - 0oL 4 0 0 CI0 0 CD x CD '3 0 0 0 0 - 0 0

Luj

L-L It It C, 0 '3 N In - , wx 0 m -n
Ox Ox m m m x~ N

(ISD

00 6 O C> 0 0 , m 0 - 0 wt C N 0 i
0m. Nc Cl N Ox Cl 00 -O -n r- - m- - C

t3 0 m -0 '3 C m 0 C) 't '/ý m 'D m

00 C' m 00 - r~- 0 M x C ' '

0

07 =, 0 In C,0

m l 00 OxC, m m ml C l C m ml m 00

(g~q~~ ~ 0 ~ 0 CD 0D 0 0o 0 0 0 0 0 0

00m CN 0 0 n 0 0 0 0 0 0 0 0

r. Nl 0ý - 00 Cl N tD 2\ 00 '4 '
00 r-~ kn66666666600C

N cn Cl 'I . C C r i C Cl ir
CIO 0 'n0 CD~ 0) 0D C> 0

JS 1 :6 - I I. I I

-i
r cci ý3EU4 I



.- t: 14 0 ) 0 0) 0> 0 0 0 0D 0 0 0 0D 0

0 0q 0 0 0ý 0 0n 0 0 0, 0 0 0 0

000 00 00 00 0

0~ CD 0 C) 00 '/n Cl -o 0 ' 0 mc
0n Cl ;L, '0 0 'C ý 0 0 0 '0 C

w 00 InC 0 N C, 10 C, (

'Cl w - 0 Cm ( m CD ý ON 'n -t w~

- m( '(C '.0",: 't '
C) o :, C: : C .) 0c) - 0 CD D CD CD

C( l tC C ý'C ' '0 '0 ~ 'C ' ( .

0D 0D 0 0) 0 0 CD

00 0 '(C N0 '0 w0 '00 ' N -D C- - (n
00 N 0 '0 m (C, 00C

C) - n ~ N 0, ClC%0 0 - O 0 '

m 6 ('C 0 00 -o w Cl\lN - Cl ~ C (

'2) '2 Cic ý f

(U ~ ' C ( (C 0 C ( 0 '( l C ' (

IC ( (C ý Cl aCa

Cl N 'A 0(40 0 .0 - CC N C

~0 0 ~ -~-~ 0* C 000 0 N

'((0 O l N N 0 0U(C 0 CC N C

e- . n - rC '0 ~ C



~~0

0l 0 0 0 0o 0I 0, 0 0' -c 0- 00, 0

P40 el CD - a 0 0 0 0 0

\-- m r; r Om 0' 0 0 00\~~
00' ýo 0 0 0 0 0 0n 00

0, m It 0 ý
61 ýn r- O r- cfi Cý r

'n CD 0N GN 't c q 'n 00 cN n

J c n .- . M. O. 'It It In \Cll 't 0 0

0D 0 0 00 't \0 In \ 0 r- W
C: C n rný Cý Cl ' 0 0

00 k MN * N

In - 00 -q - 00 m C 0 0 0 0 6

Go 00, In 'n 00 rt - C)~
0t 'I f, r N- '0 '0 ,

0 0 - 0 Cl 0 -C l ?C

CN 0I ul ' 0 'N C N 0 - 'N - C

- 0 W) o 'In 0 0 'I 0 / 0 0 'N 0

E- E- -- -

4000
bb " 0 00 0

0N 1 2
cn

H 0 o' kZI



Cý ~ ~ 0 0 0 C

C\ C l N ." . Cl N l N . Nl w0 00 " l
:3m 0 G\ C, -t It C 0 00) CN \o C, Ol

0k ND I-~C~ ' 1 f N C 1 In VC r-

V 00 ~ N

8 0 0) 0? 0 C

C0 0 \0 0n 0n 0 0 0N :N00 0 0

0~~r Cl \V -In In N - 0 c \ 0 l
Cl~ ~ gn 0 f n - C 

1  
0. I C DI

-n J \0 r 02 On - "I 0 l ~ 0
C~0m In 0 - Cl C I 0 0 - cq

00 0

z C, w ýo ýc\0C C, 0, - m

~w

00 C) C 'AC S0 In ~ - -

> 0

4)04 CI Cfl CN 0 m 0 V 0 0 0 V

00

CI en 0' V (I n 00ý- n 0 Cl ~ C ~ 0

'[ l~ CN ~ C m~~~ cqC in

0II4

0 -6

4)~0 0000

0 0

5D ? 9



CD 0D 8 0 0 Cl 0 0 0D 0 ) 0D 0D 0= 0D

- o

a, -,t 0 ON w0 ýnU m t- N'

ON N0\ 0 r- C4 'I -t tN ON ' In

,cO N r-0qiN 0 -iN0s

CD N CD C
0D 0ý 0D 0D 0' N CD Cl - D 0

0 00 0n 0 0 0o 0 0n 0, 0w

ci ti tN 00 Ci 0 'lt' . 0 ) Cl 00 ?0
mi N rq 00 '0 C i ' O O 00

N ~ ~ ~ i 00('Nr- r

S(N 0 CD (' 0 ) C) C) C) N - C) 0 C' 00

1=
- >

t'N In Nn C, It 00 C7-, 0 / C

a)~~~~ m O / N ' l iN Cl 00 c t~~~~ I0 .~ .i .~ .0 .t .i 0 0 . .

m Z) m) -)

C/) ON 0q kn N 'iN ON N N t O

cn

cll

42 N zO 0 r N 0 0 - C

0 Cl 0 tO N N

E-U q



Appendix 8. Abstracts Accepted for the American Urological
Association Annual Meeting, May 25-30, 2002.

73



40

AGE-SPECIFIC EFFECTS OF COMORBIDITY, GRADE, AND ACCESS ON PROSTATE CANCER
TREATMENT CHOICE
Elizabeth A Chrischilles*, John M Brooks, Shane D Scott, Shari S Chen-Hardee, Badrinath R Konety,
Iowa City, IA

Introduction and Objectives:
Prostate cancer-specific survival and overall survival are closest in men aged 65-69. We hypothesized that
tumor grade, comorbidity, and provider access would have the greatest effect on choice between aggressive
and conservative treatment at this age. A relationship is theorized between provider access and treatment
choice because of the level of uncertainty associated with treatment at this age.

Methods:
Data were from the Surveillance, Epidemiology, and End Results (SEER)-Medicare linked database. Men
(n=36,333) were diagnosed with clinically localized prostate cancer during 1986-1995. Aggressive
treatment (radiation; radical prostatectomy) and tumor grade (Well, Moderately, and Poorly differentiated
for Gleason scores of 2-4, 5-7, and 8-10) were from SEER. Charlson score (higher score = more
comorbidity) was based on Medicare hospital claims diagnoses. Access to radical prostatectomy was the
distance to the nearest hospital performing radical prostatectomies minus distance to the nearest non-
prostatectomy hospital (differential distance).

Results:
Men with advanced age, higher comorbidity and who lived relatively far from a prostatectomy hospital
were less likely and men with higher tumor grade were more likely to receive aggressive treatment.
Aggressive treatment occurred in 75.4%, 52.9%, and 15.0% of men aged 65-69, 70-84, and 85+,
respectively. Effects of tumor grade, comorbidity, and distance to prostatectomy hospital were greatest
among men aged 65-69 (Table).

Conclusions:
Comorbidity, tumor grade and access to care influence treatment choice most strongly among men aged 65-
69
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EFFECTIVENESS OF AGGRESSIVE TREATMENTS FOR EARLY STAGE PROSTATE CANCER:
EVIDENCE FROM SEER-MEDICARE USING INSTRUMENTAL VARIABLE ESTIMATION
John M Brooks*, Elizabeth A Chrischilles, Shane D Scott, Shari S Chen-Hardee, Badrinath R Konety,
Iowa City, IA

Introduction and Objectives:
With the advent of PSA screening, increasing numbers of men have been diagnosed and treated with
radiation therapy or radical prostatectomy (RP) for early-stage prostate cancer (ESPC). While such
treatments have proven beneficial for many patients, it is unclear whether they have been over- or
underutilized across the population of ESPC patients. Using instrumental variable (IV) methods with
retrospective healthcare data, we estimated the survival benefits for ESPC patients on the extensive margin
of practice - the benefits available from increasing the rate of aggressive treatment (radiation or RP) for
patients with ESPC.

Methods:
Men aged 65 and over who were diagnosed with ESPC during 1986-1995 were identified from the
Surveillance, Epidemiology, and End Results (SEER)-Medicare linked database (n=36,333). Patients were
grouped by their access to hospitals performing RP and urologists. IV estimates were obtained by
exploiting differences in treatment and survival rates between groups. IV techniques yield average
estimates for the subset of patients whose treatment choices were affected by provider access - the
"marginal patients". Because these estimates are based on access differences and reflect provider discretion,
they provide a natural estimate of survival benefits on the extensive margin.

Results:
Either radiation or RP was used to treat 20,345 (56.0%) men with ESPC in the eight SEER registries. ESPC
treatment rates varied with provider access. Based on this variation, we found a significant positive
relationship between aggressive treatment and five-year survival. Our estimate suggests that a five
percentage point increase in the rate of aggressive treatment would have resulted in a one percentage point
increase in the five year survival rate of marginal ESPC patients.

Conclusions:
Results suggest that aggressive treatments (radiation or RP) were underutilized in patients with ESPC
during the time period of our study.
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